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(57) Disclosed are a rubber composition having an improved charging property which comprises 100 parts by 
weight of rubber component containing diene rubber of 90 parts by weight or more, and a filler of 30 to 120 parts by 
weight and a nonionic surfactant or phosphoric ester of 0.2 to 8 parts by weight, and a pneumatic tire characterized by 
that the above rubber composition having an improved charging property is used for the tread parts of the pneumat.c 
tire. 

The typical examples of the nonionic surfactant and phosphoric ester are an adduct of ethylene oxide of 2 1 to 30 
moles to linear, cyclic or branched, and saturated or unsaturated, and monohydric or polyhydric aliphatic alcohol having 
carbon atoms of 6 to 25, or an adduct of ethylene oxide of 2 to 30 moles to alkylphenol, and the compounds represented 
by the following formula (V): 
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< wherein R 5 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
O atoms of 8 to 25, or an aryl group, and q and r each are an integer satisfying a relation of q + r = 1 to 30 . 
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Description 



Technical Field 

The present invention relates to a rubber composition improved in a charging property, and a pneumatic tire pro- 
duced by making use ot the same. 



Background Art 

in recent years it has become important to investigate a reduction in a rolling resistance (RR) of a tire in order to 
save a fuel consumption ot automobiles based on social requirements to energy saving and resource saving. 

It is geSraTy known that a decrease in a rolling resistance of a tire leads to a reduction .n a fuel consumption 
which turns * re into a so-called low fuel consumption tire. In general, materials having a low hysteresis loss are used 
a fread rubber in order to reduce a railing resistance of a tire. On the other hand, a requirement to running stabihty has 
riuS nTong.y doling rubber materials having a large frictiona. resistance on a wet road (wet skid res-stance^ 

However, a Nation of antinomy exists between these low rolling resistance and wet skid res lS tance. and therefore 
it has been verv difficult to satisfy both characteristics at the same time. 

Wth respect £ the requirement described above, it is known that a rubber composition for a tire .nto which a white 
mJ!%£S£ silica or^luminum hydroxide is blended causes a wet skid performance to be h.ghly compatible with 

a " however, because of a non-conductivity of white fillers used for rubber, pneumatic tires using the white ^ >«" 
much higher electric resistance as compared with tires comprising rubber compositions containing mainly carbon black 

^^tires roll on a road, electrostatic charge is produced by friction between a road surface and tire treads .This 
charge eaoily disappears by conduction in the case of tires which are produced from rubber compos.tons havmga 
high?proporton of carbon black and have a relatively low electric resistance on the tread surface^ On he other hand, 
m the caSoHres which are produced from rubber compositions having a higher proportion of white f .Hers and there- 
fore have a high electric resistance on the tread surface, a pretty large amount of charge is accumulated on the tread 
Srtace hereof Involved therein is a problem that not only an unpleasant feeling is brought about to passengers of an 
a^cTouSe Sipped wrth such tireafor example, in getting off the automobile, but also 

Med during driving causes producing an electromagnetic field on the tires and em,tt,ng radio waves capable of mterfer 
n ^wSctronic equipments loaded in the car as tires roll, which indispose or disturb radio wave reception. 
9 h£SS5 known as a pneumatic tire improved in a charging property are tires obtained by • 
conductive materials such as copper and aluminum alloys on the surface of pneumat ic tires(Ja P^se Pa ***ca- 
tion Laid-Open No. Sho 48-7403). However, also involved is a problem that since the tires always rub a road surface 
and aTabSed herewith, the coating peels off soon, and therefore the antistatic effect is lost in an early ^stage 

Further, also^own as a pneumatic tire using a rubber composition improved in a charging P"*"*^""" 
for oassenoer cars in which at least surface parts of side treads are composed of rubber compositions blended with 
Sn^iXSack (Japanese Patent Application Laid-Open No. Sho 60-90235 and Japanese Patent 
Laid-open No. Hei 2-202936). However, also involved is a problem that while this technique provides a large effect of 
.m^nTthe conductivity. I markedly deteriorates the RR and therefore cancels an effect of using a ***** 

Further, known are antistatic tires in which metal wires are put into lines connecting beads wrth t eads^nd the 
ends of the respective metal wires are exposed (Japanese Patent Application Laid-Open No. Sho 53-147302). How 
ever, a problem exists in that producing electrostatic charge on treads themselves can not be P^ntea 

Further, also known is a conductive ch.oroprene rubber composition for a sheath material usmg K*n Btec* c EC 
conductive carbon black with chloroprene rubber (Japanese Patent Application Laid-Open No. Sho. 60^90235) . How 
ever, this rubber composition is used for a specific use such as a sheath material and can not be applied to tire treads 
which alwavs rub a road surface and are abraded therewith. 

S, a otnown is a rubber composition characterized by that dihydric alcohol having an average molecular weigrrt o, 
50 to 6000 is added in a proportion of 5 to 40 weight % (Japanese Patent Application Laid-Open No. Sho 62-48741). 
However invoS. is a problem that since dihydric alcohol is less effective and therefore has to be added -n large quan- 
tities, the cost increases, and a demerit of deteriorating the RR is .nvolved. ' 

On the other hand, with respect to antistatic techniques, various arti f*' c J9 e ^ %Z 
factants are known ("Surfactants" pp. 379 to 383. written by F. Kitahara et al. pubhshed by Kodansha on April 20. 1 979). 
S IStSSSS fof plastics is displayed by causing an antistatic agent to bloom on the surface of P .ast.cs to form a 

expected to grow, these antistatic agents can not be applied to tire rubber. Further various "W^W*^"* 
ber such as carbon black and vulcanizing agents are added to rubber compos,t,ons for t.re treads, and therefore the 
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antistatic agents should not be exerted any adverse effects or should not be lost their antistatic effect by interaction with 
these agents. Further, the antistatic agents for plastics do not have to exert an influence either on the basic physical 
properties of the rubber compositions or workability and processability, and therefore the antistatic agents for plastics 
can not readily be used for rubber compositions without difficulty even if they are effective for plastics. 

Accordingly, in the conventional techniques described above, the present state is that in rubber compositions using 
white fillers such as silica and aluminum hydroxide, rubber compositions improved in the charging property and pneu- 
matic tires making use of the same have not yet been available. 

An object of the present invention is to provide a rubber composition using a white filler and having an improved 
charging property. The rubber composition is not exerted any influence on the basic physical properties and holds an 
antistatic property without having disadvantages by interaction among compounding agents. 

Another object of the present invention is to provide a pneumatic tire in which the charging property is improved 
and, at the same time.the wet skid performance is highly compatible with RR when the rubber composition is applied 
to pneumatic tires. 

Disclosure of Invention 

Intensive investigations made by the present inventors in order to solve the conventional problems described above 
have resulted in finding that the problems described above can be solved by blending rubber containing diene rubber 
with a filler and a specific additive which can improve the charging property of a rubber composition in a specific amount 
and thereby a rubber composition having an improved charging property, which is the object described above, and a 
pneumatic tire produced by making use of the same, can be successfully obtained, and thus coming to complete the 
present invention. 

That is, the first rubber composition of the present invention having an improved charging property is characterized 
by that rubber of 1 00 parts by weight containing diene rubber of 90 parts by weight or more is blended with a filler of 30 
to 120 parts by weight and a nonionic surfactant or phosphoric ester of 0.2 to 8 parts by weight. 

A white filler accounts preferably for 40 weight % or more of the filler described above. 

The white filler described above is preferably silica or aluminum hydroxide. 

The nonionic surfactant described above is preferably an adduct of ethylene oxide of 2 to 30 moles to linear, cyclic 
or branched, and saturated or unsaturated, and monohydric or polyhydric aliphatic alcohol having carbon atoms of 6 to 
25, an adduct of ethylene oxide of 2 to 30 moles to alkylphenol, or a compound represented by the following formula (I), 
(II) or (III): 



wherein R 1 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 8 to 25, and m + n is an integer of 1 to 30 in terms of a central value; 



/(C H 2 C H 2 0) mH 



R 1 - N 



( I ) 



MCH2CH2O) nH 



O 
II 

R 2 -CO (C H 2 C H 2 0) xH 



(II) 



wherein R 2 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 8 to 25, a vinyl group, an isopropenyl group, or an aryl group, and x is an integer of 2 to 30 in terms of a central 
value; 
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10 



15 



20 



0 
. II 
C H 2 O C - R 4 
I 

CHO (CH 2 CH 2 0) aH (IV) 

CH 2 0 (CH 2 CH 2 0) bH 

wherein R 4 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having catbon 
atoms of 8 to 25, and a + b is an integer of 0 to 30 in terms of a central value. 

The phosphoric ester is represented preferably by the following formula (V) or (VI): 

0 

R s OP0-eCH 2 CH 2 O) qH (V) 

O— (CH 2 CH 2 0) rH 



wherein R 5 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
25 atoms of 8 to 25. or an aryl group, and q and r each are an integer satisfying a relation of q + r = 1 to 30 ; or 

O 

R 6 O — P — O— £ C H 2 C H 2 O ) sH (VI) 

OR 7 



30 



35 



wherein R and R . each represent a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group hav- 
ing carbon atoms of 8 to 25. or an aryl group and may be the same or different, and s is an integer of 1 to 30 

The second rubber composition of the present invention having an improved charging property is characterized by 
that it comprises rubber comprising at least diene polymer or copolymer, a filler comprising a white filler or a mixture of 
40 carbon black and a white filler, and an antistatic agent comprising at least a nonionic surfactant represented by the fol- 
lowing formula (VII): 1 



R 8 -R 9 



(VII) 



45 wherein R 8 represents a hydrophilic group, and R 9 represents a substituted or non-substituted aryl group. 
In particular. R e is preferably a group represented by a formula: 

-(0-CH 2 -CH 2 )t-OH 

so wherein t is an integer and preferably 5 to 1 0. and R 9 is preferably an alkyaryl group represented by a formula: 

^ 1 0 (O^) — 

55 / 

wherein R 10 is an aliphatic group and in particular, preferably represented by 
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CH 3 CH 3 
CH3-C-CH2-C- 

C H 3 C H 3 

10 

In the formula (VII), the aryl group represents a group derived by removing a hydrogen atom from an aromatic 
hydrocarbon group, wherein one or more hydrogen atoms may be substituted with another elements such as nitrogen 
and halogen, or functional groups such as an alcoholic group -OH, an acid group -COOH, and a ketone group =C=0. 

Further, the pneumatic tire of the present invention is characterized by that the preceding rubber composition hav- 
15 ing an improved charging property is used for the tread part of the pneumatic tire. 

The rubber composition of the present invention having an improved charging property is constituted by combining 
the filler and the nonionic surfactant or phosphoric ester with rubber containing diene rubber. The rubber composition 
having an improved charging property, which is not exerted any influence on the basic physical properties and holds the 
antistatic effect without having desadvantages by interaction among compounding agents for rubber, can be obtained 
20 only by causing a blending amount of the filler described above and a specific amount of the nonionic surfactant or 
phosphoric ester to become synergistic to each other. Further, when the rubber composition of the present invention is 
applied to the tread part of a pneumatic tire, the pneumatic tire in which the charging property is improved and the wet 
skid performance is highly compatible with the RR can be obtained, but the object of the present invention shall not be 
achieved by satisfying partially the conditions described above. 

Best Mode for Carrying out the Invention 

The present invention shall be explained below in detail. 

The diene rubber used for the first rubber composition of the present invention is selected from natural rubber (NR) 
30 and synthetic diene rubbers. There can be used as the diene rubber, for example, styrene-butadiene rubber (SBR), 
polybutadiene rubber (BR), polyisoprene rubber (IR), and a mixture thereof. 

In the present invention, the diene rubber is contained in an amount of 90 parts by weight or more out of 100 parts 
by weight of the rubber component. This is because the diene rubber is needed for vulcanization and according to 
necessity, for a purpose of improving the physical properties at a low temperature blending a small amount of non-diene 
35 rubber such as halogenated butyl rubber (CL-IIR) exerts no influences on the effects of the present invention. Accord- 
ingly, non-diene rubber such as halogenated butyl rubber (CL-IIR) and ethylene-propylene rubber (EPM, EPDM) can 
be blended as well in a range of the blending amount described above. The diene rubber may account for 100 parts by 
weight. 

Any ones can be used as the filler in the present invention without having any restrictions as long as they can be 
40 used as fillers for rubber, and the filler includes, for example, carbon black and a white filler. 

The white filler includes, for example, silica, aluminum hydroxide (hygilite™: available from SHOWA DENKO K.K.), 
alumina, magnesium hydroxide, magnesium oxide, titan white, talc, attapulgite, clay, kaolin, pyrophyllite, and bentonite. 
These white fillers may be used alone or in combination of two or more kinds thereof. 

The particularly preferred white fillers are silica and aluminum hydroxide (hygilite). These two fillers can further 
45 markedly enhance the wet skid performance without reducing the other characteristics. 

Further, carbon black or the white filler may be used alone, or the white filler may be used in combination with car- 
bon black. 

The blending amount of the filler is 30 to 120 parts by weight per 100 parts by weight of the rubber component 
described above. The preferred blending amount of thef iller is varied depending on the intended applications of the rub- 
50 ber composition, for example, depending on the applications of tires if used for the tires. The blending amount is suitably 
controlled in the range described above. 

The blending amount of the filler of less than 30 parts by weight is not preferred since abrasion resistance is inferior, 
and the blending amount exceeding 120 parts by weight is not preferred as well since the RR increases. 

The content of the white filler out of the fillers accounts preferably for 40 weight % or more and is determined 
55 depending on the performance of an intended tire. The content of the white filler of less than 40 weight % is not pre- 
ferred since the wet skid performance and the RR are deteriorated. 

The nonionic surfactant or phosphoric ester used in the present invention is blended in order to improve the charg- 
ing property. Surfactants include an anionic series and a cationic series as well as a nonionic series. However, as shall 
be shown in the examples and comparative examples described later, only nonionic surfactants are particularly suitable 
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for preventing electrification and electrostatic electricity. They do not influence the basic physical properties of the rub- 
< ber composition and do not exert any adverse effect or do not cause the antistatic effect to be lost by interaction with 
other compounding agents for rubber. 

The nonionic surfactant and phosphoric ester used in the present invention are not substances which bleed to exert 
an antistatic effect as is the case with conventional surfactants. If they bleed, only the surface resistance decreases, and 
the volume resistivity does not vary. In the present invention, however, the volume resistivity itself decreases. That is, 
the present invention is different from antistatic techniques based on conventional surfactants. This is obvious from the 
fact that the antistatic effect is exhibited even immediately after wiping the surface off with a solvent. Accordingly, the 
rubber composition of the present invention is effective as well for tire treads which are rubbed and abraded. 

The nonionic surfactant used in the present invention includes an adduct of ethylene oxide of 2 to 30 moles to lin- 
ear,, cyclic or branched, and saturated or unsaturated, and monohydric or polyhydric aliphatic alcohol having carbon 
atoms of 6 to 25, or an adduct of ethylene oxide of 2 to 30 moles to alkylphenol. They may be used alone or in combi- 
nation of two or more kinds thereof. 

Alcohols having carbon atoms of less than 6 are not preferred since they provide the inferior affinity to the rubber 
and cause bleeding on the surface. Meanwhile, alcohols having carbon atoms exceeding 25 are not preferred as well 
since they increase the cost of the alcohols which are the raw material and necessitate a large blending amount. 

The added mole number of ethylene oxide is 2 to 30 (central value). The added mole number exceeding 31 is not 
preferred since it deteriorates the affinity to the rubber and causes bleeding on the surface. 

In particular, the weight of ether type oxygen atoms contained in the surfactant accounts preferably for 25 to 35 %. 
This is because no concern about bleeding is caused and the antistatic effect increases. 

The typical nonionic surfactant of this type is represented by the following formula (III): 

R 3 -0(CH 2 CH 2 O)yH (III) 

wherein R 3 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 6 to 25, or an alkylphenol group, and y is an integer of 2 to 30 in terms of a central value. 
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The concrete examples of this type of the surfactant are shown in the following Table 1 . 
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In the case of ordinary polyethylene glycol, the antistatic effect is not exerted, and even in the case of an ether 
made of polypropylene glycol and an alcohol, the antistatic effect is small. Accordingly, it is essential to have both of a 
polyethylene glycol structure and a group having high affinity with a polymer. As another nonionic surfactant used in the 
present invention, there can be used, for example, at least one of the substances represented by the following formulas 
(I). (II) or (IV), that is, alone or in combination of two or more kinds thereof: 
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/(CH 2 CH 2 0) bH 

R'-N ( 1 ) 

5 \(CH 2 CH 2 0) nH 

wherein R 1 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 8 to 25, and m + n is an integer of 1 to 30 in terms of a central value. 
io The nonionic surfactant represented by the formula (I) shown above includes, for example, N,N-bis(2-hydroxye- 
thyl)octylamine, N,N-bis(2-hydroxyethyl)-dodecylamine, N,N-bis(dioxyethylene)dodecylamine, N,N-bis(polyoxyethyl- 
ene)octadecylamine, and N-2-hydroxyethyldodecylamine. 



75 



o 
ii 

R 2 -CO (CH 2 CH 2 0) xH (II) 

20 wherein R 2 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 8 to 25, or an aryl group, and x is an integer of 2 to 30 in terms of a central value. 

The nonionic surfactant represented by the formula (II) shown above includes, for example, diethylene glycol mon- 
omethacrylate, polyethylene glycol monomethacrylate, sorbitan trioleate, and dioxyethylene monostearate. Further, 
included as well are esters of mixed fatty acids obtained from vegetable oils and animal oils with polyethylene glycol. 



25 



30 



o 
II 

CH 2 OC-R 4 

CHO (CH 2 CH 2 0) aH (IV) 

CH 2 0 (CH 2 CH 2 0) bH 



35 

wherein R 4 ^presents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 8 to 25, and a + b is an integer of 0 to 30 in terms of a central value. 

The nonionic surfactant represented by the formula (IV) shown above includes, for example, glycerol monostearate, 
glycerol monooleate, glycerol monolaurate, polyoxyethylene glycerine monostearate, and polyoxy ethylene monooleate. 
40 Further, esters of mixed fatty acids with glycerine are included as well. 

The short (a carbon number of 7 or less) hydrocarbon chains of R 1 to R 4 in the formulas (I) to (IV) shown above are 
not preferred since they degrade the affinity to the rubber and cause bleeding on the surface during a processing step 
to deteriorate the tackiness. Further, they are not preferred since they bleed after incorporated into a finished product 
to deteriorate the appearance. 

45 On the other hand, the long (a carbon number exceeding 25) hydrocarbon chains are not preferred as well since 
they require a large blending amount and exert adverse effects on low fuel consumption and abrasion resistance, and 
further, they increase the cost of raw materials and therefore are not economical. . . 

Further, in (CH 2 CH 2 0) m , n , x , y a , & the larger the numbers of m, h, x, y, a, and b are, the better the antistatic effect 
is. However, too large numbers of m, n, x, y, a, and b are not preferred since they degrade the affinity to the rubber. The 

so weight of ether type oxygen atoms contained in the surfactant accounts preferably for 25 to 35 % since no concern 
about bleeding is caused and the antistatic effect is satisfactory. 

R 1 to R 4 in the formulas (I) to (IV) shown above are not required to have a single structure, respectively and may be 
synthesized from a mixture of beef tallow and palm oil, etc. (CH 2 CH 2 0) m . n , x , yfllb are not required to have a single 
structure, respectively and may be of composition having distributions, wherein m, n, x, y, a, and b represent average 

55 values, respectively. 

Next, the phosphoric ester includes substances represented by the following formula (V) or (VI) and can be used 
alone or in combination of at least two kinds thereof: 
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o 

R 5 OP04CH 2 CH 2 0) qH (V) 

O— (CH 2 CH 2 0) rH 

wherein R 5 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 8 to 25, or an aryl group, and q and r each are an integer satisfying a relation of q + r = 1 to 30 : 

O 
II 

R 6 0-P-O-tCH 2 CH 2 O) sH (VI) 

OR 7 

wherein R 6 and R 7 each represent a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group hav- 
ing carbon atoms of 8 to 25. or an aryl group and may be the same or different; and s is an integer of 1 to 30. 

The carbon number of less than 8 degrades the affinity to the rubber and causes concern on bleeding. Meanwhile, 
the carbon number exceeding 25 requires a large blending amount. Accordingly, both are not preferred. 

The larger the added mole number of ethylene oxide is, the larger the antistatic effect tends to become, but the 
smaller the affinity to the rubber becomes. 

The weight of ether type oxygen atoms contained in the surfactant accounts preferably for 20 to 30 %. 

The phosphoric esters of the formulas (V) and (VI) may have a single structure or may be mixtures. They may be, 
for example, compounds obtained from mixed alcohols, which are used as raw materials. 

The values of q + r, and s are average values and may have distributions. 

The examples of R 5 , R 6 and R 7 in the formulas (V) and (VI) include an octyl group, a 2-ethyloctyl group, a lauryl 
group, a stearyl group, an oleyl group, a dodecanyl group, a phenyl group, a tolyl group, and a nonylprienyl group. How- 
ever, they shall not be restricted thereto. 

The blending amount of the nonionic surfactant or phosphoric ester is 0.2 to 8 parts by weight preferably 1 to 4 
parts by weight per 100 or more parts by weight of the rubber described previously. The blending amount of the noni- 
onic surfactant pf less than 0.2 parts by weight can not provide the desired antistatic effect and electrostatic inhibition 
effect, and the amount exceeding 8 parts by weight produces inconveniences such as too much accelerated or retarded 
vulcanization and a reduction in a rubber-rubber interlace adhesion. Accordingly, both are not preferred. Further, 
excess blend provides the effects only to a limited extent. 

The preferred embodiment of the second rubber composition of the present invention is a composition comprising 
rubber component of 100 parts by weight comprising a copolymer of an aromatic vinyl hydrocarbon and a diene, 
wherein the amount of the aromatic vinyl hydrocarbon is about 30 to 70 parts by weight; the diene vinyl content is less 
than 20 %; Mn value is 250,000 or more; and polydispersity index Mw/Mn is less than 2.5, the white filler, the nonionic 
surfactant represented by the formula (VII) shown previously, and a coupling agent, which comprises silane, of 1 to 15 
weight % based on the weight of the white filler. 

In this case, the composition may optionally contain a polymer or a copolymer selected from the group consisting 
of solution-polymerized styrene-butadiene rubber (SSBR), emulsion-polymerized styrene-butadiene rubber (emulsion 
SBR), dispersion-polymerized styrene-butadiene rubber (dispersion SBR), natural rubber (NR), butadiene rubber (BR), 
and polyisoprene rubber (I R). „ 

Further, in another embodiment, the composition comprises (a) about 50 to 100 parts by weight of a diene polymer 
or copolymer having a carbon-metal bond in the main chain, (b) 0 to 50 parts by weight of an elastic polymer selected 
from the group consisting of 1 ,4-polyisoprene (1.4-IR), 3,4-polyisoprene (3,4-IR), polybutadiene (BR), natural rubber 
(NR), epoxidized natural rubber (ENR), styrene-butadiene rubber (SBR), and the mixtures thereof, (c>a filler comprising 
the white filler or the mixture of carbon black and the white filler, (d) a coupling agent, which comprises silane, of 0.5 to 
1 0 weight % based on the weight of the white filler, and (e) the nonionic surfactant represented by the formula (VII). 

The nonionic surfactant is preferably represented by the formula (VII) described above, preferably wherein, R 8 is: 



-(0-CH 2 -CH 2 )t-OH 
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(t is an integer of 5 to 10) 

R 9 is: 



70 and, R is: 

C H 3 C H 3 

i i 

C - C H 2 - C - 
I I 
C H 3 C H 3 

20 

For example, an antistatic agent belonging to the group of a surfactant which is commercially available from Union 
Carbide Corp. and known in the market under the trade name of TRITON™ is contained in a suitable and relatively small 
amount, for example, 5 phr (parts by weight per 100 parts of the rubber polymer). 

The white filler used preferably comprises precipitated silica having a BET surface area of 20 to 300 m 2 /g. However, 

25 the silica filler which meets the object includes highly dispersed silica in which the specific surface area is about 5 to 
1000 m 2 /g (measured by using nitrogen gas and a known BET method), and the major particles fall in a particle diam- 
eter range of about 5 to 500 nm (nanometer). It may be precipitated from a silicate solution, for example, by hydrolysis 
and/or high temperature oxidation conversion. Flame hydrolysis of volatile silicon halides, for example, silicon tetrachlo- 
ride, or an arc method may be used. 

30 The examples of the commercial silica which meets the object of the present invention include Hisil™ 233 (PPG 
Industries, Inc.), Ultrasil VN3™ and Aerosil™ (Degussa AG ), and Cabosil™ (Cabot Corp. Ltd.). In general, the high qual- 
ity precipitated silica is preferred from the economical point of view. 

The total amount of the filler, though not definitely, falls preferably in a range of 60 to 100 parts by weight per 100 
parts by weight of the whole rubber polymer contained, and the white filler accounts for 40 to 90 % based on the whole 

35 fillers. 

The silane. coupling agent preferably used in a specific embodiment of the present invention is bis(3-triethoxysi!yl- 
propyl)tetrasuff1de and is added in a proportion of about 2 to 10 parts by weight. The amount of the silane coupling 
agent used may be considerably varied but has to produce a coupling effect by which the finished product having 
desired properties is provided. 

40 in the rubber composition of the present invention, there may suitably be blended, according to necessity, com- 
pounding agents usually used as rubber compounding agents, for example, vulcanizing agents, softening agents, vul- 
canization accelerators, antioxidants, and coupling agents enhancing the reinforcing property of the fillers, as well as 
the components described above. When the nonionic surfactant used in the present invention is liquid and inconvenient 
in handling, it can be adsorbed in advance by a solid such as silica to improve the handling before using. 

45 The rubber composition of the present invention can be obtained by kneading the rubber composition comprising 
the rubber component containing the diene rubber described previously, the filler, the nonionic surfactant or phosphoric 
ester, and the rubber compounding agents blended according to necessity by means of conventional processing equip- 
ment, for example, rolls, a banbury mixer, a kneader and the like. The nonionic surfactant or phosphoric ester of the 
present invention may be added either to a master batch or at the final stage, and the addition thereof at the final stage 

so is more effective for increasing the antistatic effect. In the case of the liquid substance, however, the addition thereof to 
the master batch makes the work easier. 

The rubber composition of the present invention can be used for rubber products which is required to prevent elec- 
trostatic charge, such as pneumatic tires, conveyor belts, home electrical appliances, and audio equipment. 

The pneumatic tire of the present invention is characterized by that the preceding rubber composition having an 

55 improved charging property is used for its tread part. Since the wet skid performance is highly compatible with the RR 
and electrostatic charge is prevented from being generated in rolling, radio noises in cars and electrical shock to human 
bodies caused when touching cars can be prevented. 
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Examples 

Next, the present invention shall concretely be explained with reference to examples and comparative examples but 
the present invention shall by no means be restricted to these examples. 

In the examples, the evaluation tests of the rubber composition were carried out in the following manners. 

(1) Measurement of volume resistivity: 

The volume resistivity was measured at an applied voltage of 500 V with an insulation resistance tester and an 
extra-insulation resistance tester (both manufactured by Advantest Corp.). The smaller the value is, the more the con- 
ductivity increases, and the more the generation of electrostatic charge is inhibited. 

The value AAEn of the volume resistivity represents AAxlO n , and the unit thereof is Ocm. 

(2) Wet skid performance: 

The wet skid performance was measured with a British portable wet skid tester, and the results were shown by indi- 
ces. The larger the index is, the more excellent the wet skid performance is. 

(3) 50°C tan 8 (low exothermic property) 

A visco-elasticity measuring apparatus (TOYO SEIKI SEISAKU-SHO Ltd.) was used to determine tan 6 at 50°C and 
a distortion of 1 %, and the results were shown by indices. The larger the index is, the lower the hysteresis loss is, that 
is, the more excellent the RR is. 

Examples 1 to 22 and Comparative Examples 1 to 8: 

The surfactants shown in the following Table 2 were selected, and the fillers such as silica were mixed first with the 
raw material rubbers (SBR, NR and CL-IIR). Then, according to the recipes (blend unit: part by weight) shown in the 
following Tables 3 to 8, the other compounding agents and the nonionic surfactants were mixed by using a banbury type 
internal mixer to prepare the rubber compositions. Then, these rubber compositions were used to carry out the evalu- 
ation tests on the volume resistivity, wet skid performance and 50°C tan 6 (low exothermic property). 
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The evaluation results thereof are shown in the following Tables 4, 6 and 8. 
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Table 3 



Component 


Part by 
weight 


SBR/NR 


70/30 


Aromatic oil 


15 


Stearic acid 


2 


Antioxidant 6C 


1 


Wax 


1.5 


Zinc oxide 


3 


Vulcanization accelerator (DM)M 


0.4 


Vulcanization accelerator (TBBS)*2 


0.6 


Sulfur 


1.8 


Silica 


50 


Coupling agent*3 


5 


Surfactant 


Variable 



*1: Dibenzothiazyl disulfide 

*2: N-t-butyl-2-benzothiazyl sulfenamide 

*3: Si69 manufactured by Degussa AG. 
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Table 4 



5 




Comparative Example 


Example 






1 


2 


3 


1 


2 


3 


4 


5 




Surfactant 




K 


L 


A 


A 


A 


B 


C 


10 


Blending 




2 


2 


0.3 


2 


8 


2 


2 


amount 




















Volume resistivity 


1.3E15 


1.1E15 


1.5E15 


8.2E14 


5.1E13 


3.3E10 


6.3E13 


1.3E14 




Wet skid 


100 


100 


99 


100 


101 


102 


101 


100 


15 


50°Ctani> 


100 


101 


101 


100 


99 


97 


100 


102 






Example 


Comparative 
Example 


20 




6 


7 


8 


9 


10 


11 


12 


4* 


Surfactant 


D 


E 


F 


G 


H 


I 


J 






Blending 


2 


2 


2 


2 


2 


2 


2 






amount 


















25 


Volume resistivity 


6.5E13 


7.2E13 


6.6E13 


5.5E13 


5.8E13 


5.3E13 


5.0E13 


9.6E9 




Wet skid 


99 


99 


100 


99 


101 


102 


100 


88 




50°C tan 6 


100 


100 


99 


98 


98 


99 


100 


80 



*: Carbon black of 50 parts by weight was blended in place of silica. 

30 



Consideration on the results sh own in Tables 3 and 4 

35 

It can be found from the results obtained in Examples 1 to 12 that the addition of the surfactants of the present 
invention produces an effect to lower the volume resistivities without influencing the wet skid performance or the low 
exothermic property. 

It has been found from the results obtained in Examples 1 to 3 that an increase in the added amount of the sur- 
40 factant decreases the volume resistivities linearly, thought it deteriorats the low exothermic properties to some extent. 

On the other hand, Comparative Example 1 is the case in which the nonionic surfactant was not blended, wherein 
the volume resistivity is large and therefore the generation of electrostatic charge can not be suppressed. 

Comparative Examples 2 and 3 are the cases where the cationic (K) and anionic (L) surfactants known as antistatic 
agents for plastics were blended, wherein the volume resistivities are large, and therefore these surfactants are not 
45 effective. 

Comparative Example 4 is the case in which the nonionic surfactant was not blended and carbon black of 50 parts 
was blended, wherein the volume resistivity is small and electrostatic charge is not produced, but the wet skid perform- 
ance and the low exothermic property are extremely inferior. 



55 
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Table 5 



10 



15 



20 



25 



Component 


Blending 
amount 


SBR/NR/C1-IIR 


40/50/10 


Aromatic oil 


15 


Stearic acid 


2 


Antioxidant 6C 


1 


Wax 


1.5 


Zinc oxide 


3 ' 


Vulcanization accelerator (DM)*1 




Vulcanization accelerator (DPG)*2 


0.5 


Sulfur 


15 


Carbon black 


25 


Silica 


25 


Coupling agent*3 


2.5 


Suriactant 


3 



*l: Dibenzothiazyl disulfide 

"2: Diphenylguanidine 

"3: Si69 manufactured by Degussa AG. 
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Table 6 



35 




Comparative 
Example 


Example 


Comparative Example 






5 


13 


14 


15 


16 


17 


6 


7 




Surfactant 




A 


B 


E 


H 


J 


K 


L 


40 


Blending amount 




3 


3 


3 


3 


3 


3 


3 




Volume resistivity 


4.2E14 


1.3E12 


1.7E12 


1.9E12 


1.3E12 


1.2E12 


4.0E14 


4.2E14 




Wet skid 


100 


102 


100 


99 


101 


101 


99 


99 


45 


50°C tan 8 


100 


100 


98 


99 


99 


101 


100 


98 



so Consideration on the results shown in Table 6 J 

Shown are the cases where silica was used in combination with carbon black as the fillers. 

In "Examples 13 to 1 7 in which the nonionic surfactants (A, B, E. H and J) were blended, it has been found that the 
wet skid performances are highly compatible with the low exothermic properties, and since the volume resistivities are 
55 small, the generation of electrostatic charge is suppressed. 

In contrast with this, Comparative Example 5 is the case in which the nonionic surfactant was not blended, wherein 
the volume resistivity is large, and therefore the electrification of electrostatic charge can not be prevented. 

In Comparative Examples 6 and 7 in which the cationic and anionic surfactants were blended, it can be found that 
the volume resistivities are large as well, and these surfactants are not effective for preventing the electrification of elec- 
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trostatic charge. 



Table 7 



Component 


Blending 
amount 


Odd 


100 


Aromatic oil 


50 


Stearic acid 


2 


Antioxidant 6C 


1 


Wax 


1 -O 


Zinc oxide 


3 


Vulcanization accelerator (DM) 


1.2 


Vulcanization accelerator (DPG) 


0.6 


Sulfur 


1.8 


Carbon black 


20 


Aluminum hydroxide 


80~ 


Surfactant 


3 



Table 8 



30 




Comparative 
Example 


Example 






8 


18 


19 


20 


21 


22 




Surfactant 




A 


B 


E 


H 


J 


35 


Blending amount 




3 


3 


3 


3 


3 




Volume resistivity 


4.7E14 


2.9E12 


3.6E12 


3.4E12 


3.1E12 


2.8E12 




Wet skid 


100 


100 


10V 


101 


102 


101 


40 


50°C tan 8 


100 


101 


99 


100 


98 


100 



45 Consideration on the results shown in Table 8 

Shown are the cases where aluminum hydroxide was used in combination with carbon black as the fillers. 

In Examples 18 to 22 in which the nonionic surfactants of the present invention were blended, it- has been found 
that the wet skid performances are highly compatible with the low exothermic properties, and since the volume resistiv- 
so ities are small, the generation of electrostatic charge is suppressed. 

In contrast with this, Comparative Example 8 is the case in which the nonionic surfactant was not blended, wherein 
the volume resistivity is large, and therefore the generation of electrostatic charge has not been able to be suppressed. 

Examples 23 to 51 and Comparative Exa mples 9 to 17: 

55 

The surfactants shown in the following Table 9 were selected, and the fillers such as carbon black and silica were 
mixed first with the raw material rubbers (SBR, NR and CL-IIR). Then, according to the recipes (blend unit: part by 
weight) shown in the following Tables 10 to 13, the other compounding agents and the nonionic surfactants were mixed 
by using the banbury type internal mixer to prepare the rubber compositions. Then, these rubber compositions were 
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used to carry out the evaluation tests on the volume resistivity, wet skid performance and 50°C tan 6 (low exothermic 
property). 

The evaluation results thereof are shown in the following Tables 1 1 to 13. 
Table 9 



No, 



Chemical formula /chemical name 



10 



C 8 H 17 -N 



\ 



CH 2 CH 2 OH 
CH2CH2OH 



Nonionic 



15 



N, N-bis( 2-hvdroxvethvl )octylamine 



20 



C I2 H 25 -N 



CH 2 CH 2 OH 



\CH 2 CH 2 OH 



Nonionic 



N. N-bis( 2-hvdrovethyl )dodecvlamine 



25 



30 



C 18 H 3 7-N 



(CH 2 CH 2 0) 2-H 



\ (CH 2 CH 2 0) 



H 



N.N-bis( dioxvethvlene )octadecvl amine 



Nonionic 



35 



d 



/ (CH 2 CH 2 0) „H 

C 18H37^N 

\ (CH 2 CH 2 0) mU 



Nonionic 



40 



N> N-bis( polyoxyethylene )octadecylamine 
m + n g 30 



45 



C 1 2 H 25 — N 



H 



\CH2CH2OH 



Nonionic 



N-2-hvdroxvethvldodecvlamine 



50 



55 



CH, 
I 

CH 2 =C-CO (CH 2 CH 2 0) 2 H 
II 
O 

Diethvlene glycol monomethacrvlate 



Nonionic 
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Table 9 ( continued ) 



N6. 



Chemical formula /chemical name 



g 



CH 3 
I 

CH 2 =C-CO (CH 2 CH 2 0) 8 H 
II 
0 

Polyethylene glycol monomethacryla-te 



Nonionic 



CH 2 
OHCH 



HCH 



R 



5 



H 

r 



HOgCR 



[R: C17H33] 



Sorbitan trioleate 



Nonionic 



o 
II 

C 17 H 3 5-CO (CH 2 CH 2 0) 2 H 
Dioxvethvlene monostearate 



Nonionic 



Rape seed oil fatty acid polyoxyethylene Nonionic 
ester 

o 

C 17 H 35 -CO (CH 2 CH 2 0) 25 H . . 

Nonionic 

Polvoxvethylene monostearate 



R-©-0- (CH 2 CH 2 0) 8 H 
Polyoxyethylene alkylphenyl ether 



Nonionic 



' C H 2 C H 3 

CH 3 CH 2 CH 2 CH 2 CHCH 2 0- (CH 2 CH 2 0) ,,H Nonionic 



Polyoxyethylene 2-ethylhexyl ether 
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Table 9 (continued) 



No. 


Chemical formula /chemical name 




n 


C 8 H 17 0- (CH 2 CH 2 0) M H 
Polvoxvethvlene octvl ether 


Nonionic 


o 


C 18 H 3 70- (CH 2 CH 2 0) }2 H 
Polvoxvethvlene stearvl ether 


Nonionic 


P 


C I2 H 25 0- (CH 2 CH 2 0) 9 H 
Polvoxvethvlene laurvl ether 


Nonionic 



OH 0 



HOCH 2 -CH-CH 2 OC-C 17 H 35 Kt . . 

Nonionic 

Glycerol monos tear ate 

Rape seed oil fatty acid glycerine monoester Nonionic 



Table 10 



Component 


Blending 
amount 


SBR 


30 


NR 


70 


Aromatic oil 


15 


Stearic acid 


2 


Antioxidant 


1 


Wax 


1.5 


Zinc oxide 


3 


Vulcanization accelerator (DM) 


0.4 


Vulcanization accelerator (TBBS) 


0.6 


Sulfur 


1.8 


Silica 


50 


Coupling agent*1 


5 


Surfactant 


Variable 



*1 : Si69 manufactured by Degussa AG. 
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Table 11 



5 







Comparative 
Example 


Examnl 


10 




9 10 


23 


24 


25 26 


27 




Surfactant 


a 


a 


a 


a a 


a 


15 


Blending 
amount 


0.3 


0.6 


1 


3 5 


7 




Volume 
resistivity 


1.3E15 1.0E15 


3.4E14 


9. 7E13 


3.7E13 1.0E13 


2. 8E12 


20 


Wet skid 


100 100 


101 


100 


101 101 


99 




50°C tan 6 


100 100 


100 


99 


99 98 


97 



25 



Table 11 (continued) 



30 





Comparative 
Example 


Examnl 


35 




11 


28 


29 


30 


31 


32 


33 




Surfactant 


a 


b 


c 


d 


e 


f 


g 


40 


Blending 
amount 


9 


3 


3 


3 


3 


3 


3 




Volume 
resistivity- 


2. 6E12 


5. 5E13 


2.0E13 


3.4E13 


6. 8E13 


2 . 9E13 


7. 7E12 


45 


Wet skid 


101 


100 


99 


100 


99 


101 


100 




50°C tan 6 


95 


99 


99 


101 


99 


100 


98 
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Table 1 1 ( continued ) 



5 



Example 







34 


35 


36 


37 


38 


39 


40 


10 


Surfactant: 


h 


i 


J 


k 


1 


m 


n 




Blending 
amount: 


3 


3 


3 


3 


3 


3 


3 


15 


Volume 
resistivity 


1.3E14 


7. 5E13 


4. 7E13 


2 .3E13 


8.9E12 


8.0E12 


7.8E12 




Wet skid 


• 101 . 


99 


101 


100 


99 


100 


99 


20 


50°C tan 6 


99 


98 


98 


100 


101 


101 


100 


Table 1 1 ( continued ) 














25 
























Example 




Comparative 
Example 


30 




41 


42 


43 


44 


12 


13 


14* 




Surfactant 


o 


P 


q 


r 


L 


K 




35 


Blending 
amount 


3 


3 


3 


3 


3 


3 






Volume 
resistivity 


2.4E13 8 


. 5E12 2 


.3E13 3 


-7E14 


9. 9E14 


2.0E15 


9.6E9 


40 


Wet skid 


100 


101 


100 


100 


100 


99 


83 




50°C tan 6 


98 


101 


100 


98 


101 


101 


80 



*: Carbon black of 50 phr was blended in place of silica 

45 



Consideration on the results shown in Table 1 1 

50 

Shown in Table 1 1 are the cases where only the kinds of surfactants and the blending amounts thereof were varied 
while the rubbers component (NR and SBR) of 100 parts by weight, silica of 50 parts by weight as the filler (carbon 
black of 50 parts by weight only in Comparative Example 14) and the other compounding agents remained unchanged. 

In Examples 23 to 44 in which the nonionic surfactants (a) to (r) of the present invention were blended, it has been 
55 found that the wet skid performances are highly compatible with the low exothermic properties, and since the volume 
resistivities are small, the generation of electrostatic charge is suppressed. 

-.W-: In-Examples 23 to 27, it has been found that as the amount of the nonionic surfactant (a) increases, the volume 
~ "--resistivity decreases, and the 50°C tan 6 is lowered to some extent. Incidentally, the allowable range of the 50°C tan 8 
is not lower than 96. 
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In contrast with this, Comparative Example 9 is the case in which the nonionic surfactant was not blended, wherein 
the volume resistivity is large, and therefore the generation of electrostatic charge can not be prevented. Comparative 
Example 10 is the case in which the blending amount of the nonionic surfactant was small (0.3 part by weight), wherein 
the volume resistivity is large as well, and therefore the generation of electrostatic charge can not be suppressed. 

Comparative Example 1 1 is the case in which the blending amount of the nonionic surfactant was large (9 parts by 
weight), wherein it has been found that while the volume resistivity decreases, the 50°C tan 6 is high and the RR is dete- 
riorated. Comparative Example 1 2 is the case where the anionic surfactant (L) was blended, and Comparative Example 
13 is the case where the cationic surfactant (K) was blended. In these Comparative Examples 12 and 13, the volume 
resistivities are large, and therefore the generation of electrostatic charge has not been able to be suppressed. Com- 
parative Example 14 is the case where the surfactant was not blended, and carbon black of 50 parts by weight was 
blended, wherein it has been found that while electrostatic charge is not produced because of the small volume resis- 
tivity, the wet skid performance and the RR are extremely deteriorated as compared with those of the case where silica 
was blended. 
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so Considerati on on the results shown in Table 12 

Shown in Table 12 are the cases where silica was used in combination with carbon black as the fillers. 

In Examples 45 to 48 in which the nonionic surfactants (c, g, I and m) falling in the range of the present invention 
were blended, it has been found that the wet skid performance are highly compatible with the RR's. and since the vol- 
55 ume resistivities are small, the generation of electrostatic charge is suppressed. 

In contrast with this, Comparative Example 15 is the case in which the nonionic surfactant was not blended, 
wherein the volume resistivity is large, and therefore the generation of electrostatic charge has not been able to be sup- 
pressed. 
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:: -Comparative Example 16 is the case where the anionic surfactant (L) was blended, wherein the volume resistivity 
is large, and therefore the generation of electrostatic charge has not been able to be suppressed. 
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Consideration on the results sh own in Table 13 

Shown in Table 13 are the cases where aluminum hydroxide (hygilite) was used in combination with carbon black 
so ' as the fillers. 

In Examples 49 to 51 in which the nonionic surfactants (c, g and I) falling in the range of the present invention were 
blended, it has been found that the wet skid performance are highly compatible with the RR's, and since the volume 
resistivities are small, the generation of electrostatic charge is suppressed. 

In contrast with this. Comparative Example 1 7 is the case in which the nonionic surfactant was not blended. 
55 wherein the volume resistivity is large, and therefore the generation of electrostatic charge has not been able to be sup- 
pressed. 
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Examples 52 to 60 and Comparative Examples 18 to 19: 

Phosphoric esters shown in the following Table 14 were selected, and the fillers such as carbon black and silica 
were mixed first with the raw material rubbers (SBR and NR). Then, according to the recipes (blend unit: part by weight) 
shown in the following Tables 15 and 16, the other compounding agents and the compounds of the present invention 
were mixed by using the banbury type internal mixer to prepare the rubber compositions. Then, these rubber composi- 
tions were used to carry out the evaluation tests on the volume resistivity, wet skid performance and 50°C tan 6 (low 
exothermic property). 

The evaluation results thereof are shown in the following Table 16. 

Table 14 



No. 




R 5 


R< 


R' 


q + r 


s 


(A) 










4 




(B) 


C 8 H 17 - 








15 




(C) 


C 8 H a7 - 








30 




(D) 








C 8 H 17 " 




15 


(E) 


C 17 H 35 _ 








20 






C 20 H 39~ 
C 22 H 43~ 
C 24 H 48~ 












(F) 


mixture 






20 




(G) 




©~ 






20 
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Table 15 



5 



10 



15 



20 



25 



Component 


Blending 




amount 


SBR 


30 


NR 


70 


Aromatic oil 


15 


Stearic acid 


2 


Antioxidant 


1 


Wax 


1.5 


z.inc oxide 


3 


Vulcanization accelerator (DM) 


0.4 


Vulcanization accelerator (TBBS) 


0.6 


Sulfur 


1.8 


Silica 


50 


Coupling agent*1 


5 


Surfactant 


Variable 



*l : Si69 manufactured by Degussa AG. 
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Table 16 



35 




Compar- 
ative 
Example 


Example 


Compar- 
ative 
Example 








52 


53 


54 


55 


56 


57 


58 


59 


60 


19* 


40 


Phos- 
phoric 
ester 




(A) 


(A) 


(A) 


(B) 


(C) 


- (D) 


(E) 


(F) 


(G) 






Blend- 
ing 

amount 




0.3 


3 


. 7 


3 


3 


3 


3 


3 


3 




45 


Vol- 
ume 
resistiv- 
ity 


1.3E15 


9.6E14 


6.3E13 


2.0E12 


4.7E13 


2.3E13 


8!9E13 


7.5E13 


8.0E13 


7.3E13 


8.7E10 


50 


Wet 
skid 


100 


100 


101 


102 


101 


102 


100 


100 


99 


100 


87 ~ 




50°C 
tan 8 


100 


100 


101 


99 


99 


99 


100 


98 


100 


101 


81 



*: Carbon black of 50 parts by weight was blended in place of silica. 
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Consideration on the results shown in Table 16 

Shown in Table 16 are the cases where only the kinds of phosphoric esters and the blending amounts thereof were 
varied while the rubbers (NR and SBR) of 100 parts by weight, silica of 50 parts by weight as the filler (carbon black of 
5 50 parts by weight only in Comparative Example 19), and the other compounding agents remained unchanged. 

In Examples 52 to 60 in which the phosphoric esters (A) to (G) falling in the range of the present invention were 
blended, it has been found that the wet skid performance are highly compatible with the RR's, and since the volume 
resistivities are small, the conductivity is provided, and the generation of electrostatic charge is suppressed. 

In Examples 52 to 54, it has been found that as the amount of the phosphoric ester (A) increases, the volume resis- 
io tivity decreases and the 50°C tan 5 is lowered to some extent. Incidentally, the allowable range of the 50°C tan 8 is not 
lower than 96. . 

In contrast with this, Comparative Example 18 is the case in which the phosphoric ester was not blended, wherein 
the volume resistivity is large, and therefore the generation of electrostatic charge can not be suppressed. Comparative 
Example 19 is the case in which the phosphoric ester was not blended, and carbon black of 50 parts by weight was 
75 blended, wherein it has been found that since the volume resistivity is small, electrostatic charge is not produced, but 
the wet skid performance and the RR are extremely deteriorated as compared with those of the cases where silica was 
blended. 

Examples 61 to 62 and Comparative Example 20 

20 

The operation was carried out with a banburyjriixer of about 400 liter at a rotary blade rate of 10 to 80 rpm by a 
conventional method to prepare the respective rubber compositions of 250 kg shown in Table 1 7. The components were 
blended at two stages: the first stage where all components except sulfur and the vulcanization accelerators were 
blended at a temperature of 1 30 to 180°C for 2 to 6 minutes; the second stage where sulfur and the vulcanization accel- 
25 erators were added to prepare the final Compositions at a temperature of 100°C or lower for 2 to 4 minutes. Finally, the 
compositions were molded into sheets, which were cured at 160°C for 15 minutes. 
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Table 17 





Comparative 
Example 


Example 


Components (phr) 


20 


61 


62 


Sn 3 -SSBR*1 


60 


60 


60 


IFT2 


40 


40 


40 


Silica VN3™ 


50 


50 


50 


Stearic acid 


2 


2 


2 


Aromatic oil 


5 


2.5 




Coupling agent*3 


5 


5 


5 


ZnO 


2 


2 


2 


Sulfur 


1.5 


1.5 


1.5 


Vulcanization accelerator (TBBS) 


1 


1 


1 


Vulcanization accelerator (DPG) 


1 


1 


1 


Antiozonant 


1 


1 


1 


TRITON-X™ M 




2.5 


5 


Phr=parts by weight per 100 parts by weight of rubber polymer. 



*1 : Tin coupled, solution-polymerized SBR: styrene 20 %, cis 17 %, 
trans 25 %, and vinyl 58 %; Tg: -33°C. 

"2: Polyisoprene or a mixture ot polyisoprenes with other material 
having a fine structure. 

*3: Bis-(3-triethoxysilylpropyl)-tetrasulfide; Si69: manufactured by 
Degussa AG. 

*4: manufactured by Union Carbide Corp. 



The cured rubber sheets described above were cut into rectangles of 12 x 4.5 cm having a thickness of 2 mm, and 
an electrostatic field of each charged sample was determined with a Monroe 255 potentiometer in the following manner: 

• the zero point of the potentiometer was adjusted according to a handling manual prepared by the manufacture, and 
the potentiometer was then put on a wood face; 

one face of each sample was rubbed hard with polyester cloth for 1 5 seconds to cause the generation of static elec- 
tricity; and 

immediately after rubbing, the rubbed face of the sample was put opposite to the sensor of the potentiometer with 
a distance of 2.5 cm kept therebetween, and the electric field value was read out on the display. 

Substances corresponding to the characteristics of the antistatic agent (TRITON-X™) according to the present 
invention are effective for removing electrostatic electricity and have provided the satisfactory results at a low concen- 
tration. 

The cured sheets described above were tested according to the methods specified in ASTM D2240, D2632, D2048 
and D412, and the results obtained in Examples 61 to 62 were compared with the result of the reference (Comparative 
Example 20) containing no antistatic agent. The results thereof are shown in Table 18. 

Shown in Table 19 are the performance values (indices) of tires with treads made from the rubber compositions 
obtained in Example 62 and Comparative Example 20. As can be found from these results, the performance values are 
more excellent in both dry and wet road conditions in Example 62 as compared with those of Comparative Example 20 
containing no antistatic agent. 
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Table 18 





Test 


Comparative 


m Example 


5 






Example 










20 


61 


62 




Monsanto MDR2000E 


ML (kgf-cm) 


2.1 


2.6 


2.9 




rheometer 160°C 


MH (kgl-cm) 








10 


16.2 


15.6 


14.9 






T10 (minute/second) 


2.58 


2.01 


2.36 






T50 (minute/second) 


6.59 


5.40 


6.03 






T90 (minute/second 


15.37 


16.18 


15.25 


15 


Tensile coefficient and 


T B (Mpa) 


16.5 


19.4 


17.6 




elongation 


50% 


1.16 


1.47 


1.46 






100% 


1.71 


2.22 


2.19 


20 




200 % 


3.51 


4.54 


4.51 






300 % 


5.75 


7.47 


7.52 






E B (%) 


672 


600 


557 




Shore A hardness 


65 


71 


73 




Flexometer °C 


140 


120 


120 




Impact resilience 0.26 


Tan 5 


0.22 


0.20 








30°C Tan 8 60°C 


0.16 


0.16 


0.14 
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Table 19 





Comarative 
Example 


Example 


Tire perfomances 


20 


62 


Wet brake 


100 


110 


Dry brake 


100 


110 


Rolling resistance 


100 


100 



45 

Industrial Ap plicability 

The rubber composition of the present invention can reduce the volume resistivity itself and therefore provides the 
so conductivity. In addition, the rubber composition is not exerted any influence on the basic physical properties and hold 
the antistatic preperty without having disadvantages by interaction among compounding agents for rubber. Accordingly, 
the conductivity can markedly be improved. The application of this rubber composition having an improved charging 
property to the treads of a pneumatic tire allows the wet skid performance to be highly compatible with the RR and pre- 
vents electrostatic electricity from being produced in rolling. Accordingly, there can be manufactured pneumatic tires 
55 having advantages that noises are not caused on radios in cars and electric shock is not brought to human bodies when 
touching cars. 
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1 . A rubber composition having an improved charging property, comprising 1 00 parts by weight of rubber component 
containing 90 parts by weight or more of diene rubber, and blended therewith 30 to 120 parts by weight of a liller, 
and 0.2 to 8 parts by weight of a nonionic surfactant or phosphoric ester represented by the following formula (V) 
or (VI): 

O 

R 5 0P04CH 2 CH 2 0) qH (V) 

O— (CH 2 CH 2 0) rH 



wherein R 5 represents a linear or branched, saturated or unsaturated aliphatic hydrocarbon group having carbon 
atoms of 8 to 25, or an aryl group, and q and r each is an integer satisfying a relation of q + r = 1 to 30 ; or 

O 

R 6 0-P-0-eCH 2 CH 2 0) sH (VI) 

OR 7 

wherein R 6 and R 7 each represent a linear or branched, saturated or unsaturated aliphatic hydrocarbon group hav- 
ing carbon atoms of 8 to 25, or an aryl group and may be the same or different, and s is an integer of 1 to 30. 

2. A rubber composition as described in claim 1 , wherein a white filler accounts for 40 weight % or more of the filler. 

3. A rubber composition as described in claim 2, wherein the white filler is silica. 

4. A rubber composition as described in claim 2, wherein the white filler is aluminum hydroxide. 

5. A rubber composition having an improved charging property as described in any of claims 1 to 4, wherein the non- 
ionic surfactant is an adduct of ethylene oxide of 2 to 30 moles to linear, cyclic or branched, and saturated or 
unsaturated, and monohydric or polyhydric aliphatic alcohol having carbon atoms of 6 to 25, or an adduct of ethyl- 
ene oxide of 2 to 30 moles to alkylphenol. 

6. A rubber composition as described in any of claims 1 to 4, wherein the nonionic surfactant is represented by the 
following formula (I): 



/(CH2CH2O) mH 

R*-N ( I ) 

MCH 2 CH 2 0) nH - 



wherein R 1 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having car- 
bon atoms of 8 to 25, and m + n is an integer of 1 to 30 in terms of a central value. 

7. A rubber composition as described in any of claims 1 to 4, wherein the nonionic surfactant is represented by the 
following formula (II): 
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0 

II 

R 2 -CO (CH 2 CH 2 0) xH (II) 



wherein R 2 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having car- 
bon atoms of 8 to 25, a vinyl group, an isopropenyl group, or an aryl group, and x is an integer of 2 to 30 in terms 
of a central value. 

8. A rubber composition as described in any of claims 1 to 4, wherein the nonionic surfactant is represented by the 
following formula (IV): 

O 
. II 
CH2OC-R 4 
I 

CHO (CH2CH2O) aH (IV). 

CH 2 0 (CH2CH2O) bH 

wherein R 4 represents a linear or branched, and saturated or unsaturated aliphatic hydrocarbon group having car- 
bon atoms of 8 to 25, and a + b is an integer of 0 to 30 in terms of a central value. 



9. A rubber composition having an improved charging property comprising 100 parts by weight of rubber component 
comprising a copolymer of an aromatic vinyl hydrocarbon and a diene monomer, wherein the amount ot the aro- 
matic vinyl hydrocarbon is about 30 to 70 parts by weight; the diene vinyi content is less than 20 %; Mn value is 
250,000 or more; and polydispersity index Mw/Mn is less than 2.5, a white filler, a coupling agent, which comprises 
silane, of 1 to 15 weight % based on the weight of the white filler, and a nonionic surfactant represented by the fol- 
lowing formula (VII): 

R 8 -R 9 (VII) 
wherein R 8 represents a hydrophilic group, and R 9 represents a substituted or non -substituted aryl group. 

10. A rubber composition having an improved charging property, comprsing: . 

(a) 50 to 100 parts by weight of a solution polymerized diene polymer or copolymer having a carbon-metal 
bond in the main chain, 

(b) 0 to 50 parts by weight of an elastic polymer selected from the group consisting of 1 ,4-polyisoprene (1,4- 
IR). 3,4-polyisoprene (3,4-IR), polybutadiene (BR), natural rubber (NR), epoxidized natural rubber (ENR), sty- 
rene-butadiene rubber (SBR), and the mixtures thereof, 

(c) a filler comprising a white filler or the mixture of carbon black and the white filler, 

(d) a coupling agent, which comprises silane, of 0.5 to 10 weight % based on the weight of the white filler, and 

(e) a nonionic surfactant represented by the following formula (VII): 

R 8 -R 9 (VII) 
wherein R 8 represents a hydrophilic group, and R 9 represents a substituted or non-substituted aryl group. 

11. A rubber composition as described in claim 9, wherein R 8 is the formula -(0-CH 2 -CH 2 ) -OH (t is an integer of 5 to 
10). 

12. A rubber composition as described in claim 9 or 1 1, wherein R 9 is an alkylaryl group. 
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13. A rubber composition as described in claim 12, wherein R 9 is the formula: 



and, R 10 is an aliphatic group. 
14. A rubber composition as described in claim 13, wherein R 10 is the formula: 



10 



C H 3 C H 3 

i i 

C H 3 — C — C H 2 — C — 

15 I I 

C H 3 . C H 3 



20 

15. A rubber composition as described in claim 10, wherein R 8 is the formula -(0-CH 2 -CH 2 ) t OH (t is an integer of 5 to 

16. A rubber composition as described in claim 10 or 15, wherein R 9 is an alkylaryl group. 

25 



17. A rubber composition as described claim 16, wherein R 9 is the formula: 



30 



r'° -<g>- 



and, R 10 is an aliphatic group. 

35 

18. A rubber composition as described in claim 1 7, wherein R 10 is the formula: 

C H 3 C H 3 

CH 3 -C-CH 2 -C- 
I " I 

C H 3 C H 3 

45 

19. A rubber composition as described in any of claims 9 to 18, wherein the silica filler is precipitated silica having a 
BET surface area of 20 to 300 m 2 /g. 

50 

20. A rubber composition as described in claim 19. wherein the total amount of the filler falls in a range of 60 to 100 
parts by weight per 100 parts by weight of the rubber polymer. 

21. A rubber composition as described in claim 20, wherein the silica filler accounts for 40 to 90 weight % of the whole 
55 filler. 

22. A neumatic tire manufactured by using the rubber composition as described in any of claims 1 to 21 for the tread 
parts of the pneumatic tire. 
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